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Abstract 
Babesia microti is the causative agent for babesiosis, a blood-based parasitic disease 
that causes malaria-like symptoms in humans. It is passed through Ixodes scapularis 
(deer ticks) and is rising in incidence in the upper Midwest. Ticks that carry 
Borrelia, the causative agent for Lyme disease, may also carry Babesia microti. There 
are two major goals in this project: determine the prevalence of Babesia microti in 
ticks in the Winona area and determine whether those ticks that carry Borrelia are 
more likely to carry Babesia microti. The first part of the project requires 
development of a PCR assay that works well in detecting B. microti DNA. The second 
part involves development of a quantitative PCR (QPCR) assay that is more sensitive 
than regular PCR in order to detect B. microti DNA. DNA isolated from ticks by Dr. Kim 
Bates and others in her laboratory will be tested for the presence of B. microti. An 
update will be presented on progress in the project 
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The northeast and upper Midwest has recently seen an increase in blood-related diseases, 
which are likely passed on through Ixodes scapularis (deer ticks).  Ticks can carry 
numerous disease-causing agents (bacteria – Borrelia burgdorferi causing Lyme disease, 
Ehrlichia species causing ehrlichiosis, viruses like Powassan, parasites – Babesia microti 
causing babesiosis) that can be extremely harmful for humans.  By analyzing Babesia DNA 
along with isolated DNA of previously collected deer ticks, will be able to detect the 




The two-part research project has, and will continue to expand over the course of Fall 2013 
and Spring 2014 semesters.  This semester, we mastered the process of making PCR 
solutions, running a PCR on our DNA, making an agarose gel, and running and imaging our 
gels.  During this time, we mainly focused on what exact solution concentrations and DNA 
dilutions worked best for running a PCR of the Babesia DNA.  Ultimately, this allowed us to 
produce maximum PCR sensitivity to Babesia microti.  During Spring 2014, we plan on 
using our results we obtained this semester to run a qualitative PCR analysis on our 
isolated tick DNA samples. 
 
The start of our research this semester was composed of making five solutions that would 
be used in our PCR analysis.  These solutions were 100mM Tris-HCl and 500mM KCl buffer 
at a pH of 8.3; a 100mM Tris-HCl, 500mM KCl buffer at a pH of 8.3 with the addition of 
0.01% gelatin; a 100mM MgCl2 stock solution; a 1M Betaine stock solution; and a 10X, 2mM 
dNTP stock mixture. (Henigariu, 1997) (Kang, 2005)(Garcia, 2006). (For the calculations of 
how each solution was made, see Attachment 1).  
 
After making each of the stock solutions, we developed a standardized PCR master mix that 
would be pipetted into each PCR tube.  The mixture was as follows: 
  
 2.50μL Tris-HCl 100mM pH 8.3/ 500mM KCl Buffer (without gelatin) 
 0.40μL DNA Taq Polymerase – 2 Units 
 0.75μL 50mM MgCl2 solution  
 6.25μL 1M Betaine solution 
 2.50μL 10x Stock of 2mM dNTP Solution 
 1.00μL 0.4μM PIRO A forward primer* 
 1.00μL 0.4μM PIRO B reverse primer* 
 2.00μL DNA **  
 8.60μL stddH2O 
   Total = 25.0μL into each PCR tube. 
 
* PIRO A and B are genus-specific primers that amplify a 435bp critical region of the gene (Duh et. Al, 2001) 
** Babesia DNA was provided from previous use, the concentration of DNA used was unknown. See Future 
Plans 
 
From November 13th to December 3rd, 5 successful PCR reactions were run. The cycle our 
PCR samples were run at was as follows:  3 minutes at 94°C, 1 minute at 94°C, 40 seconds 
at 55°C, 30 seconds at 72°C and 2 minutes at 72°C for a total of 30 rounds.  For these 
reactions, we altered the presence and absence of betaine as well as varying MgCl2 amounts 
ranging from 0.60-0.90μL.  We originally chose to test the influence of betaine on our 
samples because it has been shown that betaine can increase the sensitivity in PCR 
reactions as it allows for an improvement in amplification of G-C-rich regions, which are 
usually found in genes and regulatory regions of eukaryotes (Kang, 2005).  Additionally, it 
has been shown that magnesium chloride (specifically the magnesium ion) greatly 
influences the quality and robustness of the reaction, as it acts as a cofactor during the 
process of PCR (Henegariu, 1997).  The amount of stddH2O used in our procedure was 
adjusted accordingly to keep the total PCR volume at 25.0μL per tube.  Additionally, we 
varied the DNA dilutions used to determine the maximum dilution of DNA that could be 
used yet still detected by PCR.  The dilution factors used were:  1:10, 1:20, 1:30, 1:40, 1:50 
and 1:100. 
 
After each PCR, the solutions were allowed to chill overnight at -20°C, and were run 
through a gel within the next day.  A 1.2% gel was made using 0.30g of agarose with 25mL 
of 1xTAE (containing tris base, acetic acid, and ethylenediaminetetraacetic acid) running 
buffer.  A 12-pronged sample comb was placed into the gel, and the gel was allowed to 
harden in a Minicell Primo Electrophoretic Gel System (from the Thermo Electron 
Corporation).  After the gel was made, a sufficient amount of running buffer was added to 
the electrophoresis chamber, making sure to cover the gel.  Next, 4.0μL of a 100bp ladder 
DNA marker (already containing dye, from Axygen Bioscience) was pipetted into the first 
lane.  In separate tubes, 10μL of the PCR samples were mixed with 2.0μL of a 10x orange 
DNA loading buffer.  Of this solution, 5.0μL of each PCR sample were pipetted into the 
remaining lanes on the agarose gel.  The gel was allowed to run at about 100 volts (55 
milliamps) for 55-60 minutes. 
 
Following the electrophoresis, the gel was placed into a small plastic container and stained 
with 1.59mM ethidium bromide.  = The container was filled with ethidium bromide just 
enough to cover the gel.  The gel was then allowed to stain for 15 minutes on a shaker at 
medium speed.  Afterwards, distilled water (again, just covering the gel) was used to de-
stain the gel for a period of five minutes on a shaker at medium speed.  The final results 
















For the first reaction, six PCR tubes were run testing MgCl2 amounts ranging from 0.70μL to 
0.80μL (1.7 and 1.4mM) at a 1:10 DNA dilution, three of them containing betaine and three 
tubes without betaine.  Additionally, two 1:20 DNA dilutions were run with 0.75μL of MgCl2 
comparing the results with and without betaine (Figure 1).  Imaging of the gel proved that 
betaine was a crucial component in improving sensitivity (Figure 1: lanes 2-4, 8).  





























(Lanes listed left to right).  Lane 1: 100bp DNA ladder. Lane 2: 0.70μL MgCl2 with Betaine 1:10 DNA dilution.  
Lane 3: 0.75μL MgCl2 with Betaine 1:10 DNA dilution. Lane 4:  0.80μL MgCl2 with Betaine 1:10 DNA dilution.  
Lane 5:  0.70μL MgCl2 without Betaine 1:10 DNA dilution.  Lane 6:  0.75μL MgCl2 without Betaine 1:10 DNA 
dilution. Lane 7:  0.80μL MgCl2 without Betaine 1:10 DNA dilution.  Lane 8:  0.75μL MgCl2 with Betaine 1:20 








The second PCR reaction consisted of different concentrations of MgCl2 alterations ranging 
from 1.25-1.69mM at 1:20 DNA dilutions.  DNA dilution factors of 1:30, 1:40 and 1:50 were 
also tested using 0.70μL of MgCl2.  All samples for this reaction included betaine (Figure 2).  
The vibrant band in lane 4 on the gel again proved that 1.60mM of MgCl2 was the best 
concentration to be used in our PCR samples.  Additionally, clearly visible bands in lanes 9-




























(Lanes listed left to right).  Lane 1 and 12: 100bp DNA ladder. Lane 2:  0.60μL MgCl2 Lane 3:  0.65μL MgCl2.  
Lane 4:  0.70μL MgCl2.  Lane 5:  0.75μL MgCl2.  Lane 6: 0.80μL MgCl2.  Lane 7: 0.85μL MgCl2. Lane 8: 0.90μL 
MgCl2  (Lanes 2-8 each had 1:20 DNA dilution factors).  Lane 9: 0.70μL MgCl2 1:30 DNA dilution. Lane 10: 










Based on the results from the second gel, we decided to run the third PCR reaction using 
1:40 and 1:50 DNA dilutions.  The MgCl2 amounts for this gel ranged from 0.70μL up to 
0.90μL, equating to concentrations starting at 1.25mM and increasing to 1.60mM (Figure 
3).  The results from this gel allowed us to conclude that a 1:50 dilution of DNA was still 
detectable by PCR amplification. 
 
 
Figure 3. PCR Reaction and Gel Electrophoresis for 11/21/13 
 
(Lanes listed left to right).  Lane 1: 100bp DNA Ladder. Lane 2: 0.70μL MgCl2. Lane 3: 0.75μL MgCl2. Lane 4: 
0.80μL MgCl2. Lane 5: 0.85μL MgCl2. Lane 6: 0.90μL MgCl2. (Lanes 2-6 had DNA dilution factors of 1:40).  
Lane 7: 0.70μL MgCl2. Lane 8: 0.75μL MgCl2. Lane 9: 0.80μL MgCl2. Lane 10: 0.85μL MgCl2. Lane 11: 0.90μL 






Two separate gels were run for our fourth trial.  During this PCR analysis, we analyzed 
isolated deer tick DNA that was collected in spring of 2006 to test for the prevalence of 
Babesia.  These samples were previously shown to lack Babesia DNA.  The purpose of this 
test was to see if the previous results were replicable.  0.75μL  (1.5mM) of MgCl2 was used 
for each of these samples.  A total of 20 DNA samples were tested.  A positive control with a 
1:50 DNA dilution and 0.75μL MgCl2 was also run along with a 1:100 DNA dilution (Figures 
4 and 4.1).  The faint results on gel #1 showed barely visible bands or no bands at all, so no 
definite conclusion could be made from that gel.  The numerous bands displayed on gel #2 
showed that Babesia DNA was present in the samples; therefore, it was either possible that 





Figure 4. Gel #1 PCR Reaction and Gel Electrophoresis for 11/26/13 
 
 
(Lanes listed from left to right) Lane 1: 100bp DNA ladder. Lane 2: positive control. Lane 3: 1:100 DNA 
dilution. Lanes 4-8: DNA samples M65-M71 respectively. Lanes 9-12: DNA samples M73-M76 respectively. 














Figure 4.1 Gel #2 PCR Reaction and Gel Electrophoresis for 11/26/13 
 











Because of the results we had gotten on our fourth trial, we decided to re-test DNA dilution 
factors of 1:20, 1:30, 1:40, 1:50 and 1:100, each using 0.70 and 0.75μL (1.6 and 1.5mM 
respectively) of MgCl2.  Additionally, we tested a negative control to determine if there had 
been any contamination present (Figure 5).  The faint band displayed on lane 2 proved that 










Figure 5. PCR Reaction and Gel Electrophoresis for 12/3/13 
 
(Lanes listed from left to right) Lane 1: 100bp DNA ladder Lane 2: Negative control Lane 3: 0.70μL MgCl2 
1:20df Lane 4: 0.75μL MgCl2 1:20df.  Lane 5: 0.70μL MgCl2 1:30df.  Lane 6: 0.75μL MgCl2 1:30df. Lane 7: 
0.70μL MgCl2 1:40df. Lane 8: 0.75μL MgCl2 1:40df. Lane 9: 0.70μL MgCl2 1:50df. Lane 10: 0.75μL MgCl2 







Because contamination had been evident, we started out the reactions in the beginning of 
2nd semester with all new reagents (Primers, Taq Polymerase and dNTPS).  We chose to use 
a 1:20 DNA dilution and a concentration of 1.5mM (0.75μL) of MgCl2.  The purpose of this 
specific reaction was to verify that contamination was no longer present.  Therefore two 
positive controls and two negative controls were run.  All gels that were run this semester 
were run at 105 volts (55 milliamps). The results from the gel showed that no DNA had 
been amplified and no bands were visible on the gel that was run, meaning contamination 
had been eliminated. 
 
Figure 6. PCR Reaction and Gel Electrophoresis for 1/22/14
 
(Lanes listed from left to right) Lane 1: 100bp DNA ladder Lane 2: Positive control 1:20 DNA df, 1.5mM MgCl2 












Since nothing had been amplified in the reaction from 1/22/14, we decreased the DNA 
dilution factor and made an overall DNA mixture with a 1:5 dilution (4μL of DNA and 16μL 
of stddH2O).  Four varying amounts of the 1:5 DNA dilution were then tested which 
included 10μL, 5μL, 2.5μL and 1μL.  We again used a 1.5mM concentration (0.75μL of 









Figure 7. PCR Reaction and Gel Electrophoresis for 1/24/14
 
(Lanes listed from left to right) Lane 1: 100bp DNA ladder Lane 2: 10.0μL DNA 1:5df.  Lane 3: 5.0μL DNA 







For our next reaction, we decided to slightly alter the annealing and extension 
temperatures.  We chose to set the annealing time and temperature for 1 minute at 52°C.  
Additionally, the extension time and temperature were set to 1 minute at 72°C.  The DNA 
dilution used was a 1:5 dilution, and each individual reaction tube had 5μL of the DNA 
added to their mixture, therefore, our DNA was basically undiluted.  We also varied the 
amounts of MgCl2 for this reaction 0.60μL to 0.90μL (increasing in 0.05μL increments), 
equating to MgCl2 concentrations that ranged from 0.75mM to 1.60mM (Figure 8).  This 
reaction was overall successful; bands were visible on every lane except lane 3 with the 
1.25mM concentration of MgCl2 as well as the negative control.  The lanes that seemed to 
work the best, with the brightest and clearest bands were: lane 2 (0.75mM MgCl2); lane 6 
(1.75mM MgCl2); and lane 8 (1.60mM MgCl2). 
 
Figure 8. PCR Reaction and Gel Electrophoresis for 1/30/14 
 
(Lanes listed from left to right) Lane 1: 100bp DNA ladder Lane 2: 0.60μL MgCl2 Lane 3: 0.65μL MgCl2. Lane 
4: 0.70μL MgCl2.  Lane 5: 0.75μL MgCl2.  Lane 6: 0.80μL MgCl2. Lane 7: 0.85μL MgCl2. Lane 8: 0.90μL MgCl2. 













This reaction was run with the exact same standards as those used from the 1/30/14 
reaction to see if our results were replicable.  The results seen in Figure 9, however,   
did not match up with what was seen on the gel image from 1/30/14.  Instead, faint bands 







Figure 9. PCR Reaction and Gel Electrophoresis for 2/2/14 
 
(Lanes listed from left to right) Lane 1: 100bp DNA ladder Lane 2: 0.60μL MgCl2 Lane 3: 0.65μL MgCl2. Lane 
4: 0.70μL MgCl2.  Lane 5: 0.75μL MgCl2.  Lane 6: 0.80μL MgCl2. Lane 7: 0.85μL MgCl2. Lane 8: 0.90μL MgCl2. 










For the next reaction, we chose to keep the concentration of MgCl2 consistent, and instead 
altered the amount of DNA.  1.5mM (0.75μL) of MgCl2 was used and a master DNA solution 
was created at a 1:10 dilution.  The amounts of DNA that were then tested were:  1.0, 2.5, 
5.0, 10.0, 12.5, and 15.0μL.  The results from this reaction showed that the 15μL of 1:10 








Figure 10. PCR Reaction and Gel Electrophoresis for 2/7/14 Replicated 
 
(Lanes listed from left to right) Lane 1: 100bp DNA ladder Lane 2: 1.0μL DNA 1:10df Lane 3: 2.5μL DNA 
1:10df Lane 4: 5.0μL DNA 1:10 df.  Lane 5: 10.0μL DNA 1:10 df. Lane 6: 12.5μL DNA 1:10df.  Lane 7: 15.0μL 






For our final reaction, we replicated the exact same standards from the reaction run on 
2/7/14 to verify that they would be replicable. Although only three bands were visible, the 
results showed that 1.5μL of undiluted DNA with 1.5mM (0.75μL of MgCl2) were the best 
standards to use to achieve a successful PCR reaction and amplification.  The only 
alteration we made for this reaction, however, was we changed the extension time to 30 
seconds at 35 rounds instead of 30 rounds, and changed the annealing time to 30 seconds 














Figure 11. PCR Reaction and Gel Electrophoresis for 2/9/14  
 
Lanes listed from left to right) Lane 1: 100bp DNA ladder Lane 2: 1.0μL DNA 1:10df Lane 3: 2.5μL DNA 
1:10df Lane 4: 5.0μL DNA 1:10 df.  Lane 5: 10.0μL DNA 1:10 df. Lane 6: 12.5μL DNA 1:10df.  Lane 7: 15.0μL 





The results from our first gel proved that the use of betaine was necessary for greater 
sensitivity and detection of Babesia DNA, and therefore was crucial in achieving clear, 
readable results.  Additionally, we were able to see that using 0.70μL of MgCl2 provided the 
best results for both 1:10 and 1:20 dilutions.  Because bands were apparent on the imaged 
gel for 1:20 DNA dilutions, we decided to run varying concentrations of MgCl2 at a 1:20 
DNA dilution for the second gel, as well as testing 1:30, 1:40, and 1:50 DNA dilutions with 
1.6mM of MgCl2.  The results from this gel were a bit unexpected in that the bands were 
much more prominent at 1:30, 1:40 and 1:50 dilutions as compared to the 1:20 dilution.  
Also, the gel showed that any amount of MgCl2 below 1.6mM gave unclear results.  For this 
reason, we decided to test 1:40 and 1:50 dilutions for our third PCR reaction.  For both 
dilution factors, we tested MgCl2 amounts that ranged from 0.70 to 0.90μL (1.60 and 
1.25mM respectively).  Again, these results seemed a bit strange because the 1:50 DNA 
dilution gave much clearer results than did the 1:40 dilution.  
 
 Because the 1:50 dilution gave clear results on both the second and the third gels, we 
chose to use a 1:50 dilution with 1.5mM MgCl2 for our fourth PCR reaction as a positive 
control.  We also tested 20 isolated deer tick DNA samples in this reaction.  These samples 
were previously shown to lack Babesia DNA, so we tested these samples to see if we could 
obtain the same results.  Unfortunately, our first gel showed very faint to no bands at all, 
and nearly all the samples on gel #2 displayed bands that signaled the presence Babesia 
DNA.  These results ultimately made us question if one of the components of our PCR 
mixture had been previously contaminated.  For this reason, we chose to re-test the DNA 
dilutions of 1:20, 1:30, 1:40, 1:50 and 1:100.  Each of these dilutions was tested using 
1.5mM and 1.6mM of MgCl2.  We also used a negative control on this gel to see if 
contamination was present. 
 
Although bands could be seen at each dilution, a faint band could also be seen in lane 2, 
designated for the negative control.  This band shows that contamination may have 
occurred at some point throughout the experiment.  Because many of our samples used for 
this reaction were used from past students’ research, numerous tests are required to 
determine what component of the PCR mixture contains the contamination. 
 
Spring Semester  
The overall goal for this semester was to remove the source of contamination that was 
found to be present at the end of the first semester.  This was done by obtaining new Taq 
Polymerase, PIRO A and PIRO B primers, as well as new dNTPs. We began by using the 
exact same protocol that was originally generated, just to verify that contamination was no 
longr present.  Although the results from 1/22/14 did not show any DNA amplification in 
the lanes that did have DNA in them, there also hadn’t been bands present in the “negative 
control” lanes, allowing us to confirm that we did indeed remove any source of 
contamination that had been present previously.  Additionally, as stated previously, stated 
concentration of DNA was extremely important for our PCR reactions.  Because original 
concentration of Babesia DNA was unknown, we started out the semester by Nanodropping 
our DNA sample, which we found to be 1.06ng/dL.  However, the main issue we had this 
semester was actually amplifying the DNA enough so that bands would be visible on our gel 
images. 
 
Since the first gel we ran didn’t have any bands present, our next goal was to alter the DNA 
amounts and MgCl2 concentrations enough to create a successful and replicable PCR 
reaction. However, it wasn’t until we altered both the annealing and extension times and 
temperature on the PCR reaction as well as used undiluted DNA that we were able to have 
clearly visible bands on our gel images as well as results that were continuously replicable.  
Overall, we had the most successful results keeping our annealing and extension times and 
temperatures at 52 and 72°C respectively for 1 minutes.  We also kept our MgCl2 









Because the gel from our final PCR reaction showed a possibility of contamination, it is 
necessary to obtain new solutions, and primers.  A new sample of Taq polymerase was used 
in the final reaction, so we can confidently conclude that the contamination was not in the 
Taq polymerase.  Additionally, the Tris-HCl/KCl buffer, MgCl2 stock solution, betaine 
solution and dNTP solution were all created this semester.  Only the needed aliquots were 
used in our reactions, and the stock solution bottles were not directly pipetted out of, 
therefore, we could verify that the contamination did not occur in any of those four 
solutions.  Since new amounts of stddH2O were obtained for each reaction, the only areas 
where contamination could have occurred were in one of the primers or in the DNA itself.  
Before the end of the semester, new PIRO primers were received; therefore these new 
primers could be used in our next reaction.  To narrow down our source of contamination, 
we could again test a negative control (without DNA) using the old primer pairs.  
Additionally, we could run a negative control with the new set of primers.  If a false positive 
appears in the sample with the old primers and not the new primer sample, then we know 
that it was the original primers that were contaminated.  If no bands appear on the agarose 
gel, we can conclude that neither of the primer samples are contaminated and that the 
source was contamination of one of the other solutions.  It’s possible that the Babesia DNA 
itself is contaminated because of the inconsistency of the strength of the bands as the DNA 
was diluted; therefore a new sample of DNA would have to be obtained.  
 
If the contaminated component of our PCR mixture was the primers, and not the DNA it will 
be necessary to determine the concentration of our DNA being used.  Because our DNA 
being used was provided to us by past researchers and not clearly labeled, it is completely 
unknown what the actual DNA concentration is.  Because concentration is highly important 





Because we were able to clear the source of contamination from our samples as well as 
create a successful and replicable procedure, our future plans will be to learn and master 
the method of quantitative PCR analysis.  After we learn how to correctly run a quantitative 
PCR, we will test isolated DNA from hundreds of deer ticks that have been previously 
collected in the Winona area to see if they carry Babesia microti.  Our results from the 
analyses gained throughout the course of Fall 2013 and Spring 2014 semesters will 
ultimately allow us to calculate the prevalence of Babesia microti and danger for obtaining 









100mM Tris-HCl pH 8.3, 500mM KCl 
 
grams = (molarity of solution) x (molecular weight of chemical) x (mL of solution) ÷ 1000 
 
Amount of Tris-HCl :  (0.1M) x (157.6 g/mol) x (100mL) ÷ 1000 = 1.576 g 
 
Amount of KCl:  (0.5M) x (74.5g/mol) x (100mL) ÷ 1000 = 3.728 g 
 
 
100mM Tris-HCl pH 8.3, 500mM KCl with 0.01% Gelatin 
 
Amounts of Tris-HC and KCl used were the same as above (1.576 and 3.728 g respectively), 
with the addition of 0.1 g of gelatin. 
 
 
50mM MgCl2 Stock Solution 
 
Amount of MgCl2 :  (0.1M) x (20.3 g/L) x (50mL) ÷ 100 = 1.015 g or MgCl2  
 *added 100mL of ddH20 for a final concentration of 100mM 
 
 
1M Betaine Stock Solution 
 
Amount of Betaine:  (1M) x (117.1 g/mol) x 10mL ÷ 1000 = 1.171g of Betaine 
 
 
10x Stock of 2mM dNTP Solution 
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